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Research Article 

Impact of Calorie Intakes on the Risk 
of Bronchopulmonary Dysplasia in 
Extremely Preterm Infants 


Abstract 

Aim: To examine whether caloric intake during the first week of age influences the risk of 
Bronchopulmonary Dysplasia (BPD) in extremely preterm infants. 

Methods: In this retrospective cohort study, all infants born with gestational age < 29 weeks over 30 
months period were eligible for the study. Infants with major congenital anomalies and those who died 
before 36 weeks postmenstrual age were excluded. We compared the nutritional characteristics between 
infants with BPD and those with no BPD. 

Results: Of the 262 eligible infants, 233 were included for the study. A total of 125 infants developed 
BPD. Infants with BPD were likely to receive higher fluid intake in the first 2 days of age compared to infants 
with no BPD. After adjusting for gestational age, severity of illness and PDA, higher daily calorie intake, 
especially higher protein intake was associated with a trend towards lower odds of BPD (OR= 0.91; 95% 
Cl: 0.81-1.01). Delay in reaching full enteral feed was associated with increased odds of BPD (0R= 1.03; 
95%CI: 1.00-1.06). 

Conclusions: In preterm infants born at less than 29 weeks, provision of adequate calorie intake; 
particularly protein, in the first week of life may be associated with decreased risk of BPD. 


Introduction 

Bronchopulmonary Dysplasia (BPD) is the most common 
morbidity in extremely preterm infants [l]. The prevalence of 
BPD varies widely from 5.5% to 67% depending on gestational 
age and medical center [2-4]. The pathogenesis of BPD is 
multi-factorial and include severe prematurity, volutrauma 
or barotrauma, oxygen toxicity, perinatal infection and 
inflammation [5]. Excessive fluid intake in the early postnatal 
period has been proposed as an additional risk factor for BPD 
[6-8]. However, the evidence supporting this is still conflicting. 

Extracellular fluid (ECF) represent a large proportion 
of body water content in neonate [9]. The ECF undergo a 
physiologic contraction in the first few days after birth allowing 
a negative fluid balance [10]. This results in weight loss in 
the early neonatal period. In order to achieve the appropriate 
weight loss, the fluid intake needs to be less than the amount 
of water excreted through the kidney or lost as insensible water 
[11]. This physiologic process may not occur if the preterm 
infants received excessive fluid after birth. In addition, studies 
have suggested that excessive fluid intake may result in higher 
incidence of symptomatic patent ductus arteriosus (PDA) [12]. 


Retention of ECF fluid in the presence of PDA with left-to-right 
shunt is suggested cause for pulmonary interstitial edema, 
prolonged mechanical ventilation, and subsequent BPD [13]. 

Nutrition is a critical factor influencing the growth of 
extremely preterm infants. Studies have shown that adequate 
nutrition may reduce the risk and severity of BPD [14,15]. 
However, providing adequate nutrition usually requires higher 
fluid intake particularly in the first few days of life which 
imposes the potential benefit of appropriate fluid intake. 

The primary objective of this study was to identify whether 
increase fluid intake during the first two weeks of life is 
associated with increased risk of BPD in extremely preterm 
infants. In addition, we aim to describe the relationship 
between the type of calorie intake during this period and the 
rate of BPD. We primarily hypothesized that high fluid intake 
in the first two weeks of life is associated with increased risk 
for BPD in preterm infants < 29 weeks. 

Patients and Methods 

This retrospective cohort study was conducted at Foothills 
Medical Centre (FMC) in Calgary with approximately 7000 
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deliveries annually. This study was approved by the conjoint 
health research ethics board of University of Calgary. All 
preterm infants born with birth gestational age < 29 weeks 
and admitted to the FMC neonatal intensive care unit (NICU) 
between January 2008 and June 2010 were eligible for the study. 
Preterm infants with congenital anomalies were excluded from 
the study. 

All charts of these infants were reviewed for the following 
data in the first 14 days of life: daily weight, daily total fluid 
intake, daily calorie intake, daily amount and type of feed, and 
daily weight loss. The mean daily protein, lipid and energy 
intake were calculated based on actual intake. Day 1 was 
defined as the first full 24 h period after birth. If the infant 
was on enteral feeds, the energy and protein intakes were 
calculated using preterm breast milk composition for the first 
(60 kcal/100 ml and 2.2 g protein/ioo ml) and the second (71 
kcal/100 ml and 1.5 g protein/ioo ml) week of life [16]. The 
enteral feeds were initiated at the discretion of attending 
neonatologist guided by the unit’s enteral feeding protocol, 
which remained unchanged in both time periods. The trophic 
feed was started once the baby is hemodynamically stable and 
feeds were gradually advanced by 10-20 ml/kg/d according to 
the feeding protocol. Once the infant reached 100 ml/kg/d of 
enteral feeding, human milk fortifier was added to a maximum 
of 4 packed/100 ml of expressed human milk. Mother’s own 
milk was used in all but 2 infants who received preterm 
formula. Calculations in infants on formula or human milk 
fortifiers were performed using composition of these products 
as described by the manufacturer. Body weight was measured 
by the bedside registered nurse using electronic scales. Weight 
was done daily unless the infant is too sick to tolerate the 
procedure. In addition, maternal and neonatal demographics, 
clinical characteristics, and neonatal outcomes were collected. 

Respiratory distress syndrome (RDS) was defined as the 
presence of respiratory signs including tachypnea, grunting 
and chest retraction, typical chest x-ray findings, and/ 
or treatment by surfactant. BPD was defined as oxygen 
dependency at 36 weeks post-menstrual age (PMA) [17], 
PDA was defined as clinical diagnosis confirmed by ECHO. 
Intraventricular hemorrhage (IVH) was defined according to the 
criteria of Papile et al.. from head ultrasound [18]. Necrotizing 
enterocolitis (NEC) was defined according to modified Bell’s 
criteria (stage 2 or higher) [19]. 

Statistical analysis 

Descriptive statistics including means, medians and 
standard deviations (SD) were used to describe the study 
population. In order to compare between continuous variables 
in infants with and without BPD, two sample t test or Mann- 
Whitney test were used as appropriate. These two tests were 
performed to compare between total and enteral volumes, 
maximum proportions of weight loss, and calorie intakes on 
days 1 to 14. Chi -square test was used to compare discrete 
variables unless the expected cell frequency was less than 
five then Fisher’s exact test was performed. The association 
between amount of fluid intake and the BPD was examined 
using multivariable logistic regression to adjust for potential 


confounding factors. In order to avoid collinearity, birth 
weight was not included in the models as it is a factor in the 
Score for Neonatal Acute physiology and Perinatal Extention 
II (SNAPPE-II). Results of the multivariable logistic regression 
were presented as Odds Ratios (ORs) with 95% confidence 
intervals (CIs). Significance for all tests was established at 
a P value of <0.05. All p values were based on two sided test 
results. Stata version 11.0 software (Stata Corporation, College 
Station, Texas, USA) was used for all data analyses. 

Results 

A total of 262 preterm infants with gestational age < 29 
weeks were admitted during the study period. Nineteen 
infants died and other ten infants were excluded; five due to 
congenital anomalies and five due to missing data. Neonatal 
and maternal characteristics are summarized in table 1. Within 
the total cohort, one hundred and twenty five infants (53.6%) 
developed BPD. Compared to infants with no BPD, infants who 
developed BPD had significantly lower gestational age, lower 
birth weight, lower Apgar scores at 5-minute, higher SNAPPE- 
II score, longer duration of assisted ventilation, and more use 
of postnatal steroids. In addition, these infants had higher 
prevalence of RDS, use of surfactant, PDA, NEC, and culture- 
proven sepsis. The policy of our NICU is to include the volume 
used for trophic feed in the total fluids. Figure 1 shows the 


Table 1: Demographic and clinical characteristics of the study subjects. 


Maternal characteristics 

No BPD group 
(n=108) 

BPD group 
(n=125) 

P value 

Gestational age, week 

26.9 ±1.2 

25.9 ±1.4 

<0.001 

Birth weight, g 

1028 ±206 

832 ±191 

<0.001 

Male 

47 (51.6) 

73 (58.9) 

0.29 

Inborn 

85 (93.4) 

116(93.5) 

0.97 

Multiple births 

24 (26.4) 

42 (33.9) 

0.23 

Maternal smoking 

21 (23.1) 

21 (17.1) 

0.27 

Gestational diabetic 

5 (5.6) 

10(8.1) 

0.48 

Pregnancy Induced 
Hypertension 

19 (17.7) 

18(14.5) 

0.50 

Antenatal steroid 

79 (86.8) 

106(86.2) 

0.89 

Chorioamnionitis 

14(15.5) 

21 (17.9) 

0.64 

Cesarean section 

42 (46.1) 

69 (55.6) 

0.16 

Apgar score at 5 minute 

7 (7, 8) 

7 (6, 8) 

0.02 

Cord PH 

7.29 ±0.11 

7.28 ±0.10 

0.28 

SNAPPE-II 

21.5 ±14.1 

34.4 ± 15.3 

<0.001 

Respiratory Distress Syndrome 

97 (86.8) 

121 (97.6) 

0.002 

Patent Ductus Arteriosus 

33 (36.2) 

80 (65) 

<0.001 

Severe Intraventricular 
Hemorrhage 

7 (7.6) 

12(9.6) 

0.61 

Necrotizing enterocolitis (> 
stage 2) 

9(10) 

32 (25.8) 

0.004 

Culture-proven sepsis 

16 (17.5) 

42 (33.9) 

0.008 

Use of postnatal steroid 

8 (8.7) 

44 (35.4) 

<0.001 

Days on assisted ventilation 2 

10(2, 23) 

44 (28,59) 

<0.001 


Data are presented as number (%), mean ± SD, or median (25,75). SNAPPE-II 
(Score for Neonatal Acute Physiology with Perinatal extension-ll). 
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amount of total fluids given to the infants in the two groups. 
Total fluid intake was significantly higher in the first 2 days of 
life in infants developed BPD. No difference was noted on day 
3 and 4. After day 4, the total fluid intake became significantly 
less in infants who developed BPD. Volume of enteral feed was 
significantly lower in the first 2 weeks of life in infants who 
developed BPD (Figure 2). 

Weight loss (defined as percentage of birth weight) in 
BPD infants was lower than those who survived without BPD. 
This loss was statistically significant in day 3, 4 and 5 (4% vs 
6%, 6 vs 8%, 7% vs 9%, respectively). Infants in both groups 
had their nadir of weight loss by day 5. However infants who 
developed BPD regained their birth weight earlier than those 
without BPD. 

The nutritional characteristics of the infants in our cohort 
are summarized in the table 2. The time of first enteral feed 
was later in infants who developed BPD. The time required 
to reach full feed (as defined by minimum 120 ml/kg/day of 
enteral feed) was more prolonged in infants who developed 
BPD. Similarly, the duration of parental nutrition was longer 
in infants who developed BPD. On the bivariate analysis, the 
mean total calorie intake per day in the first week of life was 
significantly higher in infants who survived without BPD. 
Additionally, the mean lipid intake per day during the first 
week was statistically higher in these infants. 

After adjusting for gestational age, SNAPPE-II, and PDA 
using logistic regression model, higher daily calorie intake, 
especially higher protein intake was associated with lower odds 
of BPD. Delay in reaching full enteral feed was associated with 
increase odds of BPD (Table 3). 

Discussion 

The results of this retrospective study suggest that lower 
calorie and particularly protein intake is associated with 
increased risk of BPD. 

BPD is a multifactorial disease, however; it is primarily 
resulted from prematurity and lung injury. Mechanical 
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Figure 2: Enteral intake in the first 2 weeks of life. 


Table 2: Nutrition characteristics of the study subjects. 


Nutritional characteristics 

No BPD group 
(n=108) 

BPD group 
(n=125) 

P value 

Total calorie intake per day in the first 
7days, Kcal/kg/day 

84.4 ± 17.8 

78.2 ± 14.8 

0.006 

Cumulative protein intake in the first 7 
days, g 

16.6 ±3.1 

15.7 ±3.2 

0.06 

Cumulative lipid intake in the first 7 
days, g 

12.2 ±3.3 

11.2 ± 3.5 

0.04 

Time to start first enteral feed, day 

3 (2, 4) 

5 (3, 8) 

<0.001 

Time to reach full feed*, day 

19(15,24) 

30(21,39) 

<0.001 

Duration of total parenteral nutrion, day 

20 (14,26) 

37 (26, 52) 

<0.001 

Maximum percent of weight loss, % 

11.4 ±4.7 

11.4 ±5.8 

0.98 

Time to regain birth weight, day 

12 (8,15) 

10 (8,13) 

0.03 


Data are presented as number (%), mean ± SD, or median (25,75) *Full feed 
defined by 120 ml/kg/day. 


Table 3: Odds for Bronchopulmonary dysplasia adjusted for multiple covariates by 
logistic regression analysis. 


Bronchopulmonary Dysplasia 

Crude OR (95% Cl) 

Adjusted* OR 
(95%CI) 

Total calorie intake in the first 7 days of 
life, Kcal 

0.97 (0.95- 0.99) 

0.98 (0.96- 1.00) 

Total protein intake in the first 7 days 
of life, g 

0.92 (0.84- 1.00) 

0.91 (0.81 - 1.01) 

Total lipid intake in the first 7 days of 
life, g 

0.91 (0.84- 0.99) 

1.03 (0.92- 1.14) 

Time to reach full feed, day 

1.06 (1.03 - 1.1) 

1.03 (1.00 - 1.06) 


*Adjusted for gestational age, SNAPPE-II, and Patent Ductus Arteriosus. 

ventilation, oxygen toxicity, and infection/inflammation 
have been always the keys to understand the pathogenesis of 
BPD (1,5]. Inappropriate high fluid intake in the first 3 days 
after birth is proposed to lower lung compliance during the 
retention of extracellular fluid phase. This may subsequently 
lead to additional needs for oxygen and respiratory support in 
order to maintain adequate ventilation and oxygenation. 

Whether the increase in total body water of preterm infants; 
as commonly resulted from decreased renal losses in the first 
few days of life, or the excessive fluid therapy itself increases 
the risk of BPD has always been an issue of debate. Association 
between PDA and BPD has frequently described in the literature 
[20]. Oh et al., demonstrated similar association between 
excess fluid intake and risk of BPD or death [11]. Our study 
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The strengths of our study are the large sample size, 
the ability to study the impact of fluid and calorie intakes 
simultaneously, and the ability to control for various potential 
confounding factors including the illness severity. As a 
retrospective observational study, several limitations exist 
include the lack of data on criteria of ventilation, supplemental 
oxygen and targeted oxygen saturation limit, daily sodium 
intake, and daily urine output. 

Despite the limitations, our study has important clinical 
implications. First, it identifies role of early nutrition in 
protecting extremely preterm infants from developing BPD. 
Second, it stimulates the future research to determine the 
etiology of which some of these risk factors increase the risk for 
BPD. In conclusion, excessive fluid intake in premature infants 
in the first 3 days of life is associated with increased risk of 
BPD. Providing adequate calorie intake particularly adequate 
protein intake in the first week of life may help in reducing 
the incidence of BPD. Enteral feeding is commonly delayed; 
therefore health care providers are required to establish enteral 
feeding whenever that is possible and safe. Finally, vigilant 
attention should be paid to meet the calorie needs of these 
infants without liberalising their total fluid intake. 
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